Neurocognitive dysfunction is well established in psychosis, but recent work suggests that processing speed deficits might represent a particularly important cognitive deficit. A number of significant confounds, however, such as disease chronicity and antipsychotic medication use, have been shown to affect processing speed, causing debate as to the core cognitive features of psychosis. We adopted a novel strategy of testing neurocognitive performance in the "extended psychosis phenotype," involving community-based adolescents who are not clinically psychotic but who report psychotic symptoms and who are at increased risk of psychosis in adulthood. This allows investigation of the earliest cognitive factors associated with psychosis risk, while excluding potential confounds such as disease chronicity and antipsychotic use. A population sample of 212 school-going adolescents aged 11-13 years took part in this study. Psychotic symptoms were assessed using the psychosis section of the Schedule for Affective Disorders and Schizophrenia. Neurocognition was assessed using the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) consensus neurocognitive battery. Adolescents with psychotic symptoms performed significantly more poorly on 3 processing speed tasks: Trail Making Test-A (F = 3.3, P < .05), Trail Making Test-B (F = 3.1, P < .05), and digit symbol coding task (F = 7.0, P < .001)-as well as on a nonverbal working memory (spatial span) task (F = 3.2, P < .05). Our findings support the idea that neurocognitive impairment, and processing speed impairment in particular, is a core feature of psychosis risk. This group likely demonstrates some of the earliest cognitive impairments associated with psychosis vulnerability.
Introduction
Neurocognitive impairments are among the most replicated findings in schizophrenia. Deficits have been demonstrated across a wide range of cognitive domains, including in attention, executive function, spatial ability, verbal learning, and memory. 1 Similar deficits have been demonstrated even in young people who are at high risk of psychosis. In ultra high-risk (UHR) samples, eg, deficits have been demonstrated across a number of neurocognitive domains, including in attention, verbal learning, executive function, and in verbal and nonverbal working memory. [2] [3] [4] [5] [6] [7] Recently, however, debate has emerged about the relative importance of deficits in particular neurocognitive domains. For example, do particular deficits emerge earlier than others or show stronger effects in terms of impairment. Addressing this question is crucial because neurocognitive deficits inform us about the pathophysiology of the underlying disease and, therein, provide important direction for research on treatment. The importance of this has been reflected in the recent galvanization of efforts from government, industry, and academia to produce a consensus cognitive battery for the purposes of research into treatment of psychosis-the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) battery, developed under the aegis of the US National Institute of Mental Health. 8 Recently, some researchers have argued that processing speed, that is, the speed with which cognitive operations can be performed, is the core cognitive deficit in psychosis. Dickinson et al., in a meta-analysis of neuropsychological studies of schizophrenia, demonstrated that performance on a measure of processing speed showed the largest single impairment of any task.
An alternative approach to this methodological problem is to examine the association between neurocognition and psychosis in a population sample who have not yet had contact with mental health services and who, thus, have not been exposed to treatment effects, including antipsychotic medication. One such approach has been to recruit young people who are not clinically psychotic but who evidence risk for psychosis based on the presence of subclinical psychotic symptoms. [11] [12] [13] [14] [15] A systematic review of population studies of psychotic symptoms in young people showed a median symptom prevalence of 17% in 9-to 12-year olds and 7.5% in 13-to 17-year olds. 16 Studies have shown that these individuals share a wide range of risk factors with schizophrenia patients 17 and are at increased risk for psychosis in adulthood, 18, 19 leading researchers to advocate their recruitment for psychosis research as part of an "extended psychosis phenotype" 20,21 from whom we can learn about the pathogenesis of psychosis. 22, 23 More recently, researchers have demonstrated that psychotic symptoms are associated with a number of psychiatric disorders, not limited to psychosis, in particular for severe, multimorbid psychopathology. 24, 25 In this study, we investigated the neurocognitive profile of a population sample of adolescents who report psychotic symptoms, using the MATRICS consensus battery. 8 This group, while part of a psychosis continuum, are not clinically psychotic and are, thus, free of potential confounds such as disease chronicity and medication, allowing investigation of the earliest cognitive risk factors underlying an extended psychosis phenotype.
Methods

Recruitment
The study was carried out in Dublin, Ireland, and neighboring counties, with testing conducted over 3 consecutive years during school summer breaks. The study methodology has been previously reported. 26 However, briefly, a total of 1131 pupils from 16 schools in fifth and sixth class (ie, the two most senior years in the Irish national/ primary school system), aged 11-13 years, participated in a survey of psychiatric symptoms, using the Strengths and Difficulties Questionnaire (SDQ), 27 which is a validated self-report instrument that assesses emotional symptoms, conduct problems, hyperactivity/inattention, peer relationship problems, and prosocial behavior. This sample was also assessed for psychotic symptoms, using the Adolescent Psychotic Symptom Screener (APSS), which is a validated self-report instrument that assesses hallucinations and delusions. 28 These instruments were completed in school, with a member of the research team present in the classroom. Data from these instruments were not used as part of a selection process; rather, these instruments provided baseline data on psychopathology and psychotic symptoms in the total school-based population. Written informed consent was obtained from the parent or guardian of participants. Of the total 1131 adolescents, 656 (58%) indicated an interest in taking part in a more in-depth study and a sample of 212 attended for clinical interview and neurocognitive testing. Because a relationship has been shown between low socioeconomic status (SES) and psychosis, 29, 30 SES of each study participant was determined using parental occupation, assessed according to the Irish Social Class Scale from the national Central Statistics Office. We divided the sample into 2 major groups according to social class: the first group contained SES groups 1 and 2 (professional/managerial) and the second group contained SES groups 3-7: (nonmanual skilled, skilled manual, semi-skilled manual, unskilled manual, and unemployed).
Assessment of Psychotic Symptoms
Psychotic symptoms were assessed using the psychosis section of the Schedule for Affective Disorders and Schizophrenia for School-aged Children (K-SADS) (available online: http://www.moodresearch.com/resources/ scales/children/KSADS-PL.pdf). The K-SADS is a wellvalidated semi-structured research diagnostic interview for the assessment of Axis-1 psychiatric disorders in children and adolescents. The psychosis section contains questions designed to assess a range of hallucinations and delusional thinking. Children and parents were interviewed separately, both answering the same questions about the child. Interviews were conducted by 2 psychiatrists and 4 psychologists with extensive training on the assessment of psychotic symptoms. All interviewers recorded detailed notes of potential psychotic phenomena in this section of the interview. A clinical consensus meeting was held following all of the interviews in order to classify potential symptoms as psychotic or not, blind to all other information on the participants.
Neurocognitive Assessment
The neurocognitive assessment was carried out in years 2 and 3 of the study, which included approximately 80% of the total sample (n = 165). The battery was administered by psychologists with training in standardized neurocognitive testing. The MATRICS neurocognitive battery was used to assess neurocognition. 8 The Wide Range Achievement Test 4 (WRAT4) 31 was used as a brief assessment of general scholastic ability/IQ. The MATRICS covers 7 putative cognitive domains in 10 tests. Because of time constraints, the social cognition task was excluded from our panel of tests.
In relation to the assessment of differential deficits in the extended psychosis phenotype, it is important to ensure that deficits are due to a differential ability rather than simply being due to good discriminant ability of some tasks and poor discriminant ability of others. Two factors that have been recognized to be important in recognizing true differential deficits in neurocognitive ability, as opposed to differences in discriminant properties of tasks, are test-retest reliability and spread of scores. 32 The test-retest reliability of MATRICS tasks has been shown to be excellent and the number of scores reaching floor or ceiling levels to be low. 8, 33 What is more, clear deficits have been demonstrated for each of the MATRICS tasks in schizophrenia patients. 8, 33 In addition, specifically in relation to childhood populations, Holmen and colleagues have previously reported on administering the MATRICS in children as young as age 12 with early onset schizophrenia and showed it to be a sensitive marker of cognitive dysfunction in this age group. 34 They found that patients demonstrated deficits on all MATRICS tasks used in this study. Therefore, any differential deficits in the extended psychosis phenotype would be unlikely to be due to a problem with the discriminant ability of the MATRICS tasks and should reflect true differential deficits in ability. The following nine MATRICS tasks were used, with one additional task: the Trail Making Test-Part B (TMT-B).
Tasks
TMT-Parts A and B: Pencil and paper task that requires the participant to draw a line connecting, in consecutive order, numbers arranged randomly on a page (Part A), followed by both numbers and letters arranged randomly on a page (Part B); outcome: total time for completion. Putative cognitive domain: processing speed. Brief assessment of cognition in schizophrenia-symbol coding (BACS-SC): A pencil and paper task that requires participants to write numbers that correspond to nonsense symbols as rapidly as possible in 90 s; outcome: number of symbols coded correctly. Putative cognitive domain: processing speed. Category fluency (Fluency): verbal fluency for animals in 60 s; outcome: number of correct words spoken. Putative cognitive domain: processing speed. Hopkins verbal learning -revised (HVLT-R): Participants heard a list of 12 words and were asked to repeat these in a series of 3 trials; outcome: number of correct responses summed over 3 trials. Putative cognitive domain: verbal learning/memory. Wechsler memory scale-spatial span (WMS-SS) (nonverbal memory): Requires participants to remember and repeat which of a series of blocks the test administrator points to, first forward then backward; outcome: sum of raw scores for both conditions. Putative cognitive domain: working memory (nonverbal). Letter number span (LNS) (verbal memory): Participants heard sets of letters and numbers, which they were required to repeat after mentally reordering numerically and alphabetically; outcome: total number correctly spoken. Putative cognitive domain: working memory (verbal). Mazes (neuropsychological assessment battery): Pencil and paper test where participants attempted 7 mazes of increasing difficulty; outcome: scores were based on the speed with which participants completed the 7 mazes. Putative cognitive domain: reasoning and problem solving. Brief visuospatial memory test-revised (BVMT-R):
Participants were shown a page displaying six geometric figures for 10 s over 3 trials and asked to draw these figures on a sheet of paper after each trial; outcome: points were awarded for the accuracy of the drawings over the 3 trials. Putative cognitive domain: visual learning. Continuous performance test-identical pairs (CPT-IP):
Participants were required to monitor numbers as they flashed on screen and press a button whenever 2 numbers in a row were identical; outcome: summed mean d'value, which is an index of signal/noise discrimination, across 2-, 3-, and 4-digit conditions. Putative cognitive domain: attention/vigilance.
Statistical Analyses
Statistical analyses were conducted using STATA version 11.0 for Windows. Chi-square and t tests were used to measure differences in participants who took part in the interview study compared with the larger surveyed population sample. We report means and standard deviations for adolescents with and without psychotic symptoms. Standardized z scores were calculated for each participant across each of the tasks, using the formula Z = (data point -mean)/standard deviation. Analysis of covariance was used to examine neurocognitive performance on the MATRICS in adolescents with psychotic symptoms compared with the rest of the population sample, using z scores as the dependent variables and controlling for sex and number of years of education (see table 1 ). Significant findings were also analyzed for interactions between group and sex. Cohen's f statistic was used as a measure of effect size for differences between adolescents with psychotic symptoms compared with adolescents with no psychotic symptoms using the Stata command effectsize (see table 1 ). By convention, a Cohen's f of about 0.10 is considered small, about 0.25 is considered medium, and about 0.40 is considered large. Ethical approval for the study was granted by the Beaumont Hospital Medical Ethics Committee.
Results
Adolescents who attended for interview and neurocognitive testing were no more likely to have an abnormal or borderline-abnormal score on the SDQ (x 2 = 1.22 [df = 1] P = .27) and did not differ significantly in their scores on the APSS (interviewed group mean = 1.8 [SE = 0.12], non-interviewed group mean = 1.9 [SE = 0.19]; t = 0.26, df = 1130, P = 0.79). The nationalities of adolescents taking part in the study approximated the representative figures from the 2006 national census, including 88.9% Irish-born participants (compared with 90.3% of 0-14-year olds nationally). A total of 34.6% of participants were categorized as SES groups 1 and 2 (compared with 32.1% of the general population nationally) and 65.4% were categorized as SES groups 3-7. There was no relationship between SES and psychotic symptoms or performance on neurocognitive tasks; therefore, SES was not included as a covariate in our analyses. However, females performed significantly better on the symbol coding task, the spatial span task, and the visual learning task, while males performed significantly better on the Mazes problem-solving task; thus, sex was controlled for in the statistical analyses (see table 1 ).
A total of 22.6% of the sample reported psychotic symptoms, principally auditory hallucinations. Psychotic symptoms were more common among fifth class participants compared with sixth class participants (χ 2 = 5.95, P < .05) and among males compared with females (χ 2 = 7.03, P < .01) and so number of years of education and sex were used as covariates in the neurocognitive analyses. Adolescents with psychotic symptoms did not differ in general scholastic ability/ IQ as measured with the WRAT4 (F = 0.02, df = 1, P = .89). In tests of neurocognitive function, adolescents with psychotic symptoms performed significantly more poorly on the TMT-A, TMT-B, BACS-SC, and WMS-SS tasks (see table 1 and figure 1) . The effect sizes were in the small range for differences in performance on TMT-A and WMS-SC and in the medium range for differences in performance on TMT-B and BACS-SC (see table 1 ). Differences on the HVLT-R were just outside statistical significance at the level of P = .05. Significant interactions were detected between group and sex on two tasks: BACS-SC (F = 5.77, P < .05) and WMS-SS (F = 3.90, P < .01), though controlling for these did not affect the overall results. In contrast to the findings on psychotic symptoms, depressive symptoms, as assessed using the SDQ, and depressive disorder, as assessed using the K-SADS, showed no relationship with performance on any of these tasks (results available upon request). 
Discussion
In this study, we found processing speed deficits in adolescents with psychotic symptoms, using the TMT-A, the TMT-B, and the BACS digit symbol coding tasks, as well as (nonverbal) working memory deficits on the WMS-SS task. Effect sizes were small for TMT-A and WMS-SS tasks but medium for both the symbol coding and TMT-B tasks (see table 1 ). There were significant interactions between group and sex in the BACS-SC and WMS-SS tasks, indicating that males with psychotic symptoms performed more poorly than females with psychotic symptoms on these tasks. Interaction results must be interpreted with caution, however, considering that there were fewer females (n = 20) than males (n = 33) in the psychotic symptom group and, thus, more limited power to test interactions. This is the first study to report on symbol coding in a population sample with psychotic symptoms, with clear findings of impairment demonstrated on this task. This is in keeping with findings from Dickinson et al., 9 who have argued that symbol coding deficits reflect slowed information processing that is the central feature of cognitive dysfunction in psychosis. Interestingly, in a longitudinal study, Niendam et al. showed a number of neurocognitive deficits at age 7 in both individuals, who would go on to develop schizophrenia, and in their siblings; 35 however, only symbol coding scores differentiated those who would later develop schizophrenia from their unaffected siblings. We also found deficits in TMT-A and TMT-B performance in adolescents with psychotic symptoms in this study. This is in line with a previous cohort study, which demonstrated that childhood performance on processing speed tasks, uniquely among tests of neurocognition, predicted adulthood schizophrenia. 36 This finding is also in keeping with a previous report on a small sample of adolescents with psychotic symptoms (n = 17), which showed poorer performance on the TMT-B. 37 Waber et al., in the National Institutes of Health study of normal childhood brain development, demonstrated a general pattern of rapid improvement in cognitive domains, such as executive function and verbal fluency from age 6 up to ages 10-12, followed by a slow or minimal increase in scores up to age 16. 38 Interestingly, however, symbol coding scores demonstrated little change in trajectory at ages 10-12; rather, scores continued to increase linearly right throughout adolescence, reflecting continued rapid development in this domain. For example, between ages 11 and 13 (the ages of this study participants), scores in executive function did not increase, while scores in verbal learning/memory increased by approximately 2%. This contrasts with an increase of approximately 20% in symbol coding scores over the same period. Symbol coding scores, then, given that they develop rapidly during this time, may be a particularly sensitive marker of perturbations in normal brain development during the adolescent period. Abnormalities in neurodevelopment during this adolescent period that stunt cognitive development would take a much longer period of time to become readily apparent in other cognitive domains due to the slower rate of change in cognitive ability in these domains. For example, with regard to development in verbal learning/memory, even a 50% disruption to development in this domain between the ages of 11 and 13 would result in only an approximately 1% difference in scores compared with normally developing young people. The same degree of disruption to the development of symbol coding ability, however, would result in an approximately 10% difference in scores compared with healthy controls. Therefore, symbol coding ability might be particularly sensitive to disordered neurodevelopment in adolescence compared with many other cognitive domains. This might explain why deficits on all of the MATRICS tasks are evident in psychotic disorder (which tends to come on in late adolescence or early adulthood), when abnormalities in adolescent brain development have been occurring over a sufficient number of years to result in identifiable deficits in a wider range of cognitive domains. This may also explain why research on early stages of the psychosis prodrome has found that deficits are limited to processing speed, while in later stages of the prodrome deficits are evident across a range of neurocognitive tasks. 39 Spatial working memory deficits were also found in the current sample, though these deficits were less pronounced than those of processing speed (see figure 1) . Interestingly, Waber et al. also found that spatial working memory was a relative exception to the general rule of slow change from age 10-12 (though to a lesser degree than that of symbol coding). 38 In fact, they found that errors in nonverbal working memory decreased most rapidly at ages 10-14 (rather than at ages 6-10 as with most other tasks). Spatial working memory, then, might also be a relatively sensitive marker of neurodevelopmental dysfunction occurring in early adolescence. There has been a great deal of recent interest in processing speed in schizophrenia. Processing speed deficits have not only been shown in patients with chronic schizophrenia 9 but have also been demonstrated in first-episode psychosis 40 and in the psychosis prodrome. 6 Some researchers, in fact, have argued that impairments in processing speed represent the most important or the core neurocognitive deficit of psychosis. 5, 9, 41, 42 A number of converging lines of evidence support this hypothesis. First, longitudinal research has shown that childhood deficits in processing speed, but not deficits in a range of other neurocognitive tasks, are associated with increased risk for psychotic disorder in adulthood. 36 Second, processing speed scores, uniquely in a panel of neurocognitive tests, were shown to predict social and role functioning in patients at UHR for psychosis 5 and to predict real-world functioning in schizophrenia patients across all domains. 43 Third, meta-analytic research has demonstrated that deficits in processing speed are more pronounced in schizophrenia than deficits in other neurocognitive domains. 9 In a meta-analysis of 40 studies, Dickinson et al. found that the effect size of the impairment on symbol coding tasks, a classic measure of processing speed, significantly exceeded the effect sizes of tasks commonly used to measure other cognitive domains, including episodic memory, executive function, and working memory. Furthermore, in a sample of first-episode psychosis patients, Rodriguez-Sanchez et al.
reported that, while patients demonstrated deficits across a wide range of neurocognitive domains, performance on processing speed, on multivariate analysis, accounted for deficits across all other domains. 41 These research findings, taken together, point to the importance of processing speed in the etiology of schizophrenia. The results of this study add further support to the importance of processing speed deficits in psychosis by showing that these deficits are present even in young adolescents in the community with psychotic symptoms (the extended psychosis phenotype).
The significance of processing speed deficits to "real world" measures of function has recently been highlighted by Bowie et al., 43 using the Specific Level of Function Scale, an observer-rated assessment of a patient's behavior and functioning. In a sample of more than 200 schizophrenia patients, they found that processing speed tasks, uniquely in a battery of neurocognitive tests, predicted functioning in all 3 domains of functioning, including interpersonal relationships, community involvement, and work skills. More recently, among a sample of UHR patients, Carrion et al. showed that both social and role functioning related specifically to processing speed (a combined symbol coding and TMT score) 5 and argued that processing speed represents a rate-limiting step in the formation of good social and role functioning. Our own community findings suggest that deficits in processing speed may represent an early neurocognitive marker of psychosis vulnerability, present not only in patients but even in community-based young adolescents with psychotic symptoms. In contrast to many neurocognitive tasks that might be attributed to specific neural networks or specific anatomical regions, processing speed tasks have been argued to measure a "systems"-based process, reflecting speeded integration and coordination between distributed brain networks. 42 Empirical support for this has come from digital tractography imaging of white matter microstructural organization in both healthy and brain injured individuals. Turken et al., eg, showed that processing speed is closely related to the structural integrity of major white matter tracts that run along the anterior-posterior axis of the brain, allowing fronto-posterior network interactions, including the superior longitudinal fasciculus, occipitofrontal fasciculus, and inferior longitudinal fasciculus. 44 The findings of this study, then, are in line with the dysconnection hypothesis of schizophrenia, which asserts that impaired communication within the brains of schizophrenia patients occurs when there is focal disruption that adversely affects the entire network. 45 This is in keeping with neuroimaging findings that showed impaired connectivity in a community sample of adolescents with psychotic symptoms. 46 Processing speed deficits, then, may point to aberrant functional connectivity within and between whole-brain neural systems, rather than indexing impairment in discrete neural networks.
Strengths and Limitations
This is the largest population-based neurocognitive assessment of young people with psychotic symptom to date. In addition, this is, to our knowledge, the first community-based study in children to use the MATRICS battery. The use of a standardized neurocognitive battery in this study will facilitate comparison with other studies. None of the adolescents in this study had a diagnosis of a psychotic disorder and none had ever used antipsychotic medication, outruling disease chronicity or treatment effects in the relationship between psychotic symptoms and neurocognitive performance. While we surveyed a relatively large number of adolescents, a relatively small proportion was brought to interview, introducing the risk of ascertainment bias, whereby individuals with a personal or family history of disorder may be more likely to agree to participate, thus self-selecting for increased rates of the disorder under study (in this case psychotic disorders). However, we do not believe this to be the case in this study for a number of reasons: (1) adolescents who attended the full interview study did not differ from the larger surveyed school sample from which they were drawn in terms of symptoms of general psychopathology, as measured by the SDQ, or in terms of psychotic symptoms, as measured by the APSS; (2) only 1.3% of participants had a first degree relative with a history of psychotic illness, suggesting that families with psychosis were not more likely to participate; (3) the prevalence of mental disorders was very similar to previous epidemiological work both nationally and internationally. 47, 48 Participants were also representative of the general population in terms of ethnicity and socioeconomic status. It is important to note that, while young people with psychotic symptoms are considered to form part of an "extended psychosis continuum," they do not represent a straightforward phenotype in terms of psychosis risk, in that they have been shown to be at risk for a variety of diagnoses not limited to psychosis. 24, 49 An interesting methodological finding of this study was that, while adolescents with psychotic symptoms demonstrated deficits on 3 processing speed tasks, there was no evidence of impairment on a fourth test of processing speed (verbal fluency). In addition, while the impairment effect size for one of the processing speed tasks was in the small range (TMT-A), 2 were in the medium range (TMT-B and BACS-SC). This illustrates a problem inherent in reporting "domain" scores, which is frequently the case in the literature, rather than reporting performance on individual tasks. By reporting only a domain score, tasks which, at face value, may involve a number of different processes are reduced to the mean when, in fact, there might be substantial differences in effect size across the tasks. The findings of this study, then, highlight the fact that putative "domain scores" should be used with caution in the MATRICS and other neurocognitive batteries, with individual task scores always also being reported.
Conclusion
In a sample of adolescents with psychotic symptoms tested with the MATRICS consensus battery, we found impairment on processing speed tasks and in nonverbal working memory. These individuals, while part of an extended psychosis phenotype, are not clinically psychotic and are free of complicating medication/treatment effects, which may affect neurocognitive findings in schizophrenia samples. Our findings support hypotheses on the importance of processing speed deficits to psychosis. This adds to the evidence that a systems-based dysfunction may be at the heart of cognitive impairment in psychosis, as opposed to cognitive features that suggest that the pathology emerges from localized or region-specific deficits. These findings also support existing evidence which suggests that processing speed should be a key target for research aimed at ameliorating cognitive impairment in schizophrenia. Further neurocognitive and neuroimaging research in the extended psychosis phenotype will add to our understanding of the core underlying deficits and provide guidance on the best approaches to developing treatments targeted at improving cognition in psychosis.
